As part of our study of the magnetic fields of active galactic nuclei, we have recently observed a large sample of blazars with the Very Long Baseline Array. Here we report the discovery of a striking two-component jet in the source 1055 + 018 that consists of an inner spine with a transverse magnetic field and a fragmentary but distinct boundary layer with a longitudinal magnetic field. The polarization distribution in the spine strongly supports shocked-jet models, while that in the boundary layer suggests interaction with the surrounding medium. This behavior suggests a new way to understand the differing polarization properties of strong-and weak-lined blazars.
Introduction
Early VLBI polarimetry at 5 GHz revealed surprising differences between strong-lined and weak-lined AGN (loosely, "quasars" and "BL Lacertae objects"; Cawthorne et al. 1993) . Sources with prominent emission lines, such as the classic quasars 3C 273 and 3C 345, are found to have primarily longitudinal magnetic fields in their jets ("B "), while in weak-lined sources, such as the BL Lacertae objects OJ 287 and BL Lac itself, the magnetic field is transverse to the jet axis ("B ⊥ "). However, this distinction is not universal, and sources with B further out in their jets can also display B ⊥ closer to the core (Leppänen, Zensus, & Diamond 1995) . In the shocked relativistic jet paradigm under which these facts are generally understood, knots with B ⊥ are the result of transverse shocks that compress and partially order an initially tangled magnetic field (Hughes, Aller, & Aller 1985) . Regions with B are thought to arise from interactions between the jet and the ambient medium, in which shear of the jet flow stretches the magnetic field along the jet , or where the jet fluid is compressed against its boundaries (Laing 1980) . However successful, this picture does not explain why sources with different optical characteristics exhibit different jet polarizations. In an attempt to better characterize the relationship between optical and radio properties of active galactic nuclei, we have observed a sample of 45 blazars with the Very Long Baseline Array 4 (VLBA) at 5 GHz at several epochs (Attridge, Wardle, and Roberts, in preparation) . Here we present images of 1055 + 018 (also known as J1058 + 0133, 4C 01.28, DA 293, and OL 093), a blazar with z = 0.889 (Wills & Lynds 1978) . At this redshift 1 mas corresponds to 7.27h −1 pc, and a proper motion of 1 mas yr −1 corresponds to an apparent transverse speed of β app = 44.7h −1 (H 0 = 70h km s −1 Mpc −1 , q 0 = 0.05). The rest-frame emission-line equivalent widths of this source (Baldwin, Wampler, & Gaskel 1989; Falomo, Scarpa, & Bersanelli 1994) , W eq (C III] λ1909) ≃ 8Å, W eq (Mg II λ2800) ≃ 5-12Å, lie near the boundary W eq = 5Å used by some authors to divide blazars into weak-and strong-lined categories (Morris et al. 1991) .
Observations
Images of 1055 + 018 were made from data taken on 1997 January 24 (epoch 1997.07) using all ten antennas of the VLBA plus a single antenna from the VLA ("VLBA+Y1"). The data were recorded at 5 GHz (λ =6 cm) with a total bandwidth of 64 MHz, and processed on the VLBA correlator. Approximately 4 hr were spent on source, leading to a root mean square noise of ∼75 µJy beam −1 . Calibration and hybrid imaging were done using the NRAO AIPS and Caltech DIFMAP packages. In our notation, the total intensity is I and the linear polarization is represented by the complex quantity P = Q + iU = pe 2iχ = mIe 2iχ , where p = (Q 2 + U 2 ) 1/2 = mI is the polarized intensity, m is the fractional linear polarization, and χ is the position angle of the electric vector. The integrated rotation measure of 1055 + 018 is −45 rad m −2 (Kim, Tribble, & Kronberg 1991) , which we take to be Galactic. This amounts to ∆χ = 9 • at 5 GHz and has been removed in determining the direction of the magnetic field. Any additional Faraday rotation in or near the jet must be unimportant at 5 GHz; otherwise, we would not find the striking magnetic field configuration described below. Complete details of VLBI polarization calibration and imaging techniques may be found in Cotton(1993) , , and Aaron (1996) .
Results
In Figure 1a we show the total intensity distribution of 1055 + 018. This naturally weighted image has a dynamic range (peak brightness/off-source noise) of ∼17,000:1. A typical core-jet source, 1055 + 018 contains a bright unresolved component to the east and a jet extending at least 35 mas to the west northwest. The jet is resolved transverse to its axis (deconvolved width > ∼ 3 mas) and broadens considerably beyond ∼12 mas from the core. The true nature of the jet is revealed by the linear polarization distribution shown in Figure 1b (dynamic range ∼1100:1). There we plot contours of linearly polarized intensity p with ticks showing the orientation θ = χ + π 2 of the jet magnetic field (assuming optically-thin sychrotron radiation). It is apparent that the jet consists of two distinct parts: (1) a spine lying along the jet axis and containing a series of knots in which the magnetic field is predominantly perpendicular to the axis, and (2) a fragmentary boundary layer in which the magnetic field is predominantly parallel to the axis. Figure 2 superposes the I and P distributions and shows clearly that the B regions lie on the outermost visible edges of the jet. A natural interpretation of this two-component structure is that (1) transverse shocks dominate within the jet spine, so the net field there is perpendicular to the jet axis, and (2) in the boundary layer the magnetic field is determined by the jet's interaction with the surrounding emission-line gas, resulting in a longitudinal field. This configuration is reminiscent of the "spine-shear layer" morphology seen in the kiloparsec-scale jets of sources such as 3C 31 (Laing 1996) and 3C 353 (Swain, Bridle, & Baum 1996) . Apparently 1055 + 018 displays simultaneously the magnetic field configurations characteristic of both weak-and strong-lined blazars, and as such provides us with an opportunity to study both the shocked-jet paradigm and the relationship between magnetic field orientation and optical properties for blazars.
In Figure 3 we show the fractional polarization of 1055 + 018. At the jet boundaries m is quite high, exceeding 40% in places, so the magnetic field is well ordered, both across the sky and along the line of sight. The peak polarization in the jet spine is only ∼10%, presumably due to a combination of partially tangled magnetic field in the knots and beam dilution by the unshocked jet ). There may also be some cancellation by any part of the boundary layer that intersects the line of sight. The magnetic field in the jet spine is predominantly B ⊥ , so the shocked-jet model predicts the knots to be more highly polarized than the regions between them . That this is so can be seen in Figure 3 , and provides strong support for this model.
Discussion
There are some difficulties with the interpretation of the outer jet in 1055 + 018 as a parsec-scale version of the sheaths seen on much larger scales, i.e., as the cylindrically symmetric outer layer of a coaxial jet. First, why is the jet in 1055 + 018 so wide so close the core? Three possibilities suggest themselves: (1) the true core is east of the easternmost component in our images and invisible either because it points away from us or because it is severely self-absorbed, (2) the jet initially expands very rapidly but is quickly collimated, perhaps by the same forces that create the boundary layer, or (3) the jet is initially pointing almost exactly at us, but bends away from the line of sight within the first ∼ 0.5 mas. Second, why are the jet boundaries visible on only one side of the jet at a time? Perhaps they do not form a complete "sheath," but are those parts of the surface of the jet where the interaction with the ambient medium is strongest, most likely at the outer edges of smooth bends or at places where the jet is deflected. The jet curves to the south within its first 10 mas and then turns northward over the next 15 mas, which is consistent with this possibility.
On kiloparsec scales, 1055 + 018 is a Fanaroff-Riley Type II radio source, with hot spots almost due north and south of the core and a prominent jet in position angle ∼ 180 • connecting the southern hot spot to the core; there is no sign of a jet to the north (Murphy, Browne, & Perley 1993 ). This source is thus an example of significant misalignment (∼ 120 • ) of jet orientation between parsec and kiloparsec scales. From tapered versions of Figure 1a and from 1.6 GHz VLBI (Romney et al. 1984; Bondi et al. 1996) there are suggestions that beyond ∼35 mas from the core the jet continues to bend to the north. It would appear that on larger scales, the jet must bend through a very large angle (in projection) in order to connect with the kiloparsec-scale jet to the south. An alternative possibility is that the parsec-scale jet continues to the north and that the kiloparsec-scale jet to the south is fed by an as-yet unseen parsec-scale counterjet. This seems less likely, since it would require intrinsic bends in both jets of more than 90 • , assuming that the visible parsec-scale jet is pointing nearly toward us. High dynamic range VLBA images at lower frequencies, with superior surface brightness sensitivity and wider fields of view, may enable us to locate the bends and determine if and how the parsec-and kiloparsec-scale jets are connected.
Using the image presented here and two VLBA snapshot images at epochs 1996.02 and 1996.96, we have determined preliminary proper motions for the three brightest jet spine components relative to the the easternmost component (the model fits are shown in Table 1 ). Unfortunately, the time base is short. For components C1 and C2, we find upper limits in apparent speed of about 5h −1 c. For component C3, which is closest to the core, we derive a provisional speed of v app = (12 ± 4.5)h −1 c. Since the jet spine in 1055 + 018 has bright, well-defined knots, it will be straightforward to obtain reliable apparent velocities and accelerations for all of the knots over the next few years. This will also enable us to determine the physical parameters of the shocks in the jet spine, and their evolution . Equally interesting will be attempting to detect proper motions for the boundary layer features. If this proves possible, the result would be a direct measurement of shear in a parsec-scale relativistic jet.
Velocity gradients across kiloparsec-scale jets have been inferred from their polarimetric properties (Laing 1996; Swain et al. 1996) . If similar gradients are common on parsec scales, they may provide a new way to understand the connection between the apparent magnetic field orientation in blazar jets and the equivalent width of their broad emission lines. We suggest that the spine and the sheath have significantly different Lorentz factors γ: γ spine and γ sheath , respectively, with γ spine > γ sheath . The radiation from the faster-moving spine is beamed into a cone of opening angle ∼ 1/γ spine , while that of the sheath is beamed into a wider cone of opening angle ∼ 1/γ sheath . At small angles to the line of sight, θ < θ crit , the polarization image is dominated by the faster moving spine, with its predominantly transverse magnetic field. At θ > θ crit , the polarization image is dominated by the sheath, with its longitudinal magnetic field. If we further assume that the optical continuum radiation is also beamed with a Lorentz factor γ opt ≥ γ spine , then at small angles to the line of sight, the optical continuum is strongly Doppler boosted with respect to the line emission, and the object will be classified as a "weak-lined blazar." At larger angles to the line of sight, the continuum will be far less prominent, and the object will be classified as a "broad-lined blazar" (Antonucci 1993 ). Close to the core, where the sheath has not fully developed, transverse magnetic fields are likely to be observed in both classes of object (Leppänen et al. 1995) .
We conclude that 1055 + 018 is a touchstone for a number of important topics in the physics of active galactic nuclei. Through it we can study the formation of the jet-like structure both along and across the axis, including bending and collimation, the conversion of bulk energy to microscopic particle energy and radiation, and the formation, propagation, and decay of shocks.
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